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ABSTRACT 



This guide contains information on the knowledge and skills 
identified by industry as essential to the job performance of heating, 
air-conditioning, and refrigeration technicians. It is intended to assist 
training providers in public and private institutions, as well as in 
industry, to develop and implement training that will provide workers with 
the competencies needed to gain employment as technicians and to advance 
within the field. The publication contains six sections. The first section 
defines skill standards, provides suggestions for using them, and explains 
how they were developed. The second section lists the core knowledge 
standards in communication, mathematics, and science. The third section lists 
the core occupational skills standards in these areas: safety and 
environment, electrical principles, electric motors, controls, refrigeration, 
heating, air conditioning, and piping. Occupation- specific skill standards 
for residential and light commercial heating, air conditioning, and heat 
pumps, and commercial conditioned-air systems and refrigeration are listed in 
the fourth section. In the fifth section, standards for workplace behaviors, 
including ethics, environment, communication, professionalism, and problem 
solving, are provided. The final section contains skill standards matrixes 
for core skills and occupational skills. An appendix contains a skills matrix 
that relates all the skill standards to various residential and commercial 
applications. (KC) 
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Identify geometric figures; distinguish angles, circles, and arcs; and • Demonstrate an understanding of the principles of electrical 

discern perpendicular (plumb) and horizontal (level) lines and measurement including voltage, amperes, and resistance. 
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Understand and apply the properties and behaviors of electrical con- • Understand and interpret electric motor specifications, 

ductors and insulators. 

• Install and connect electric motors. 



c 

o 



c 

OS 



c 

o 

u 

bJD 

.g 

rtJ u 

QJ QJ 

o. 



o 

n 

c 

03 



OJ S 

'IS ^ 



c 

a 

c 

QJ 

c 
• 1-^ 
a 



o 

4-) 

o 



O QJ 
c/i ^ 
QJ U 
^ •4-' 

'I 

.5 o> 

>-l »H 

CLh 

X 0> 



s 

Ut 

O 

M-t 

QJ 



I; 

4-> 

o 

o 



X 

:3 

o 



</> 



C 

O 

u 



Oh ^ 



c 

a 

C 



OJ 



D xJ 



Dh cn 

^ QJ 

:3 u 

U 



03 

u 



QJ O 

'o ^ 

cn 

*U 

• P QJ 

n 

Mh 

•£ 

>^ •■!=: 

'Hh 3 

Oh 

u 

TS ^ 

P C/1 

5 ^ 

03 c/j 

^ hn 

03 5P 

ts .s 

7d X 

D .S 



03 

X 

Oh 

QJ 

a> 



C 

03 

'Sb 

c 



QJ 

‘u 

•S 



QJ 



Oh 

Cl. 

03 

73 

C 

03 

73 

C 

03 



0> 

73 

{3 

D 



u 

(3 
* ^ 
L4 

Oh 

bJD 

•S 

73 

J3 

;3 

o 

Uh 

bC 

IS 

u 



0) 

'Oh 

CIh 

03 

73 

C 

03 

73 

C 

03 



QJ 

73 

C 



J3 

QJ 



03 

OJ 



03 

U 



'OJ 



‘u 

.s 

»-l 

Clh 

OJ 

X 



Oh 

Oh 

03 

73 

C 

03 

73 

C 

03 



OJ 

73 

C 



u 

4-1 


OJ 


(3 


c 


O 


c 


u 


‘4-1 






03 

u 


c/3 

Vh 

OJ 


‘S 


4-) 

V4 


03 


03 


j3 

u 


CD 


OJ 




g 


'4-1 


o 

Vh 


OJ 

C 


4-1 


bJD 


u 


03 

C 




C 


M.H 


c/i 


o 


V4 


c/3 


0 




4-1 

CJ 






'u 


■£ 


(3 


0 


.-3 


u 


Oh 


C/T 


OJ 




X 


-5 


4-* 


'oj 




V4 






'Oh 




Oh 

03 


'Oh 

c 


73 

C 

03 


c 

03 

X 

OJ 


73 


»H 


c 


0 


03 


<4-1 


"Sn 


C/3 


Vh 


OJ 


OJ 


u 


73 

J3 


> 

OJ 


D 


73 



0 

OJ 



0 

OJ 



O 

cr 



OJ 

cn 



c« 




c/3 


OJ 






u 




‘3 


‘> 




a 


OJ 






73 




CJ 


’o 




'0 

V4 


Vh 




4-1 


C 

0 


0 


J3 

0 

CJ 


CJ 


OJ 


73 








’S 

0 


cn 

Vh 

OJ 

c 


03 

>> 


CJ 


.§ 


OJ 




4-1 


Ml 


'oj 




c/3 


Ml 




Mm 


0 


0 


0 


c/3 


V4 


C/3 




4-1 

CJ 




‘u 


'oj 


‘u 


S3 

• 


C/3 


•S 


Vh 


OJ 


u 


Oh 


3 


Oh 


OJ 


73 


OJ 


X 


0 


43 


4-> 








6 




'Oh 


S3 


'Oh 


Oh 


0 


Oh 


03 


.34 


03 


73 


*$3 


73 


C 


bJD 


S3 


03 


•i-( 


03' 


73 




73 


S3 


"Oh 


C 


03 


r- 


03 


4-> 


g 


4-> 


c/3 


03 


C/3 


u 


u 


OJ 


X 


OJ 


73 


OJ 


73 


S3 


u 


S3 


0 


0 

M-t 


0 



OJ 

u 

> 

OJ 

73 



C 

o 

u 

u 

‘S 

03 

X 

u 

OJ 



OJ 

u 







u 


1 










X 


CJ 




4M 




c/3 


u 


Oh 

03 


0 


3 


CJ 


4-) 


Mm 


Mm 


CJ 


0 


0 


c 


C/3 


C/3 


CJ 


OJ 


OJ 


. h4 


Oh 


Oh 


4-) 






u 


4M 


4M 




c/3 


c/3 


3 






Mm 

0 


.2 


0 

3 


C/3 


03 


03 




> 


> 




Mm 

0 


Mm 

0 


‘u 


S3 


S3 


.3 


_o 


0 


}M 


*4M 


‘X 


Oh 


03 


03 


bO 


U 


u 










Oh 


Oh 


03 

u 


Oh 


Oh 


03 


03 


OJ 


OJ 


OJ 


Oh 


43 


43 


0 


4M 


4M 


OJ 


OJ 


OJ 


43 


N 


N 




‘2 


‘2 




bJD 


bJD 





03 

73 


'jj 

u 

73 




u 

73 


</> 


S3 


S3 




S3 




03 


03 




03 


0 


73 


73 




73 




C 


S3 




S3 


0 


03 


03 




03 




4M 

c/3 

U 


4M 

c/3 

U 


c/3 

}_) 


4M 

c/3 

U 




OJ 


OJ 


0 


OJ 


0 


73 


73 


4M 


73 




S3 


S3 


0 


S3 


0 


D 


D 


2 


D 


0 

LU 


• 


• 




• 



c 

o 



o 

Ui 

Oh 

u 

O 

O 

s 



u 

OJ 



o 

c 

o 



OJ 

Oh 

o 

73 

0 

03 



U 

.s 

'0 

Oh 

OJ 

X 

73 

0 

03 



OJ 

73 

0 



D 73 



CO 



o 







Refrigeration Principles and Practices • Troubleshoot mechanical refrigeration systems. 
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Air Conditioning Principles and Practices 
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Troubleshoot venting and drain systems. 



Residential and Light Commercial Air Conditioning • Troubleshoot air filtration systems. 
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Commercial Conditioned-Air Systems • understand and apply the principles of commercial conditioned-air 

control systems. 
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Troubleshoot pumps and circulators. • Understand and apply the principles of specific refrigeration system 

components used in commercial refrigeration; for example, low 
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RESIDENTIAL AND LIGHT COMMERCIAL HEATING (continued) 
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RESIDENTIAL AND LIGHT COMMERCIAL HEATING (continued) 
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RESIDENTIAL AND LIGHT COMMERCIAL AIR CONDITIONING (continued) 
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RESIDENTIAL AND LIGHT COMMERCIAL AIR CONDITIONING (continued) 
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RESIDENTIAL AND LIGHT COMMERCIAL HEAT PUMPS (continued) 
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COMMERCIAL CONDITIONED-AIR SYSTEMS (continued) 
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COMMERCIAL CONDITIONED-AIR SYSTEMS (continued) 
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COMMERCIAL CONDITIONED-AIR SYSTEMS (continued) 
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COMMERCIAL CONDITIONED-AIR SYSTEMS (continued) 
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COMMERCIAL CONDITIONED-AIR SYSTEMS (continued) 
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COMMERCIAL REFRIGERATION (continued) 
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Skills 


Core Skills 


Safety and Environmental 


Understand and apply safety regulations and procedures. 


Understand and apply federal, state, and local regulations for desposing of hazardous materials. 


Understand and apply Environmental Protection Agency (E. P. A.) regulations on venting, recovery, reclaiming, and recycling 
refrigerants. 


Understand and apply the Department of Transportation (D. 0. T.) regulations on the transportation and handling of hazardous 
materials. 


Understand and apply the Occupation Safety and Health Act’s (OSH A) regulations. 


Understand and apply Environmental Protection Agency (EPA) regulation on indoor air quality and nitrous-oxide. 


Electrical 


Principles 


Understand and apply the principles of alternating and direct current. 


Understand and recognize the common single and three phase voltage systems Including 230v, 60hz, single phase; 208v, 
60hz. three phase; 230v, 60hz, three phase; and 460v, 60hz, three phase systems. 


Understand and apply the principles of series, parallel, and compound circuits. 


Understand and apply the principles and relationships of Ohm’s, Kirchhoff’s, and Watt’s laws as they apply to series, parallel, 
and compound circuits. 


Read and interpret voltage, ampere. Ohm, megohm, and watt meters. 


Read and Interpret schematic drawings. 


Develop schematics from electrical label and line diagrams. 


Read and Interpret electrical codes. 


Understand and apply the properties and behaviors of electrical conductors and insulators. 


Understand and apply the principles of electrical circuit protection including fuses, circuit breakers, and disconnect switches. 
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Residential and Light Commercial 
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Skills 


Understand and apply the principles of single and three phase transformers. 


Understand and apply electrical grounding principles. 


Understand and apply the principles of electrical measurement. 


Troubleshoot electrical circuits. 


Install electrical power and control circuits. 


install and connect the components of electrical circuits. 


Electric Motors 


Understand and apply the operating principles of electric motors. 


Understand and recognize the application of various types of electric motors. 


Understand and recognize the application of various types of capacitors. 


Understand the principles and operation of electric motor protection devices. 


Understand and interpret electric motor specifications. 


Install and connect electric motors. 


Perform electric motor maintenance. 


Troubleshoot electric motors. 


Controls 


Understand and apply the principles of safety and operating control devices; for example, pressure switches, thermostats, etc. 


Understand and apply the principles of electromechanical control devices; for example, relays, contractors, magnetic starters, 
timers, sequences, etc. 


Understand and apply the principles of electronic control devices; for example, ignition modules, electronic timers, etc. 


Understand and apply the principles of safety and control circuits. 
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Skills 


Install/service mechanical control devices. 


Install/service electromechanical control devices. 


Troubleshoot mechanical control devices. 


Troubleshoot electromechanical devices. 


T roubleshoot electronic control devices. 


Mechanical 


Refrigeration Principles and Practices 


Understand and apply the theory of heat. 


Understand and apply the properties of refrigerants. 


Understand and apply the mechanical refrigeration cycle. 


Understand and apply pressure/temperature curves and charts. 


Understand and apply the principles and the operation of compressors. 


Understand and apply the principles and operation of condensers. 


Understand and apply the principles and operation of metering devices. 


Understand and apply the principles and operation of evaporators. 


Understand the operation of refrigeration system accessories; for example, receivers, accumulators, filter/dryers, sight glasses, 
valves, etc. 


Perform leak tests. 


Evacuate and measure the vacuum level of refrigeration systems. 


Recover refrigerants. 


Charge refrigeration systems. 
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Skills 


Recycle refrigerants. 


Troubleshoot mechanical refrigeration systems. 


Heating Principles and Practices 


Understand and apply the principles of fuel system design. 


Understand and apply the principles of air and hydronic distribution and delivery system design. 


Understand and apply the principles and operation of electric resistance heat systems. 


Understand and apply the principles and operation of gas-fired forced-air heating systems. 


Understand and apply the principles and operation of oil-fired forced-air heat systems. 


Understand and apply the principles of electric heat pump systems. 


Understand and apply the principles and operation of gas-fired hydronic heat systems. 


Understand and apply the principles and operation of oil-fired hydronic heat systems. 


Understand and apply the principles of venting and drain systems. 


Understand and apply the principles of pipe sizing and layout for both fuel and heat distribution. 


Air Conditioning Principles and Practices 


Understand and apply the principles of air-conditioning including temperature, humidity, and air movement, etc. 


Understand and apply the principles of air distribution and delivery systems. 


Understand and apply the principles of condensate drain systems. 


Understand and apply the principles of air filtration systems. 


Design air distribution systems. 
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Skills 






Piping Principles and Practices 


Understand and apply the principles of piping systems including the factors that affect pipe selection, pipe size, and system 
desion. 


Understand and select the proper fitting or valve for specific applications; for example, globe valves, gate valves, angle valves, 
check valves, elbows, tees, unions, couplings, half unions, etc. 


Understand and apply the principles of pipe accessories; for example, flanges, isolators, hangers, expansion joints, expansion, 
looDs. suDDorts. insulation, etc. 


Perform copper tubing operations including cutting, flaring, soldering, brazing, bending, swaging, etc. 


Perform steel pipe operations including cutting, reaming, threading, connecting, etc. 


Perform PVC pipe operations including cutting, connecting, etc. 


Occupation Specific Skills 


Residential and Light Commercial Heating 


Understand and apply the principles of fuel system design. 


Understand and apply the principles of air distribution system design. 


Understand and apply the principles and operation of electric resistance heat systems. 


Understand and apply the principles and operation of gas-fired forced-air heating systems. 


Understand and apply the principles and operation of oil-fired forced air heating systems. 


Understand and apply the principles and operation of gas-fired hydronic heat systems. 


Understand and apply the principles and operation of oil-fired hydronic heat systems. 


Understand and apply the principles of venting and drain systems. 


Understand and apply the principles of pipe sizing and layout including liquid propane and natural gas and oil. 


Understand and apply the principles of humidification. 


Install/service gas-fired forced air heating systems. 
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Skills 




Install/service oil-fired forced air heating systems. 


Install/service hydronic heat systems. 


Fabricate/install/service venting and drain systems. 


Install/service humidifiers. 


Troubleshoot gas-fired forced air heating systems. 


Troubleshoot oil-fired forced air heating systems. 


Troubleshoot hydronic heat systems. 


Troubleshoot venting and drain systems. 


sldentlal and Light Contmercial Air Conditioning 


Understand and apply the principles of air-conditioning including temperature, humidity, and air movement, etc. 


Understand and apply the principles of air distribution systems. 


Understand and apply the principles of condensate drain systems. 


Understand and apply the principles of air filtration systems. 


Design air distribution and delivery systems. 


Fabricate and Insulate air distribution systems. 


Install air distribution systems. 


Install/service condensate drain systems. 


Install/service air filtration systems. 


Instalt/service split air-conditioning systems. 


Install/service packaged air-conditioning systems. 
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Skills 


Install/service evaporative coolers. 


Troubleshoot air-conditioning systems. 


Troubleshoot evaporative coolers. 


Troubleshoot condensate drain systems. 


Troubleshoot air filtration systems. 


Residential and Light Commercial Heat Pumps 


Understand and apply the principles of vapor compression heat pump cycles. 


Understand and apply the principles of supplementary heat. 


Understand and apply the relationship of outdoor ambient temperature to heating capacity. 


Understand and apply the electrical circuitry of air to air, water to air, and ground to air heat pumps. 


Understand and apply the principles and operation of defrost controls in heat pump systems; for example, electronic demand 
defrost, pressure, time/temperature, time, etc. 


Understand and apply the principles of the balance point of heat pumps. 


Interpret the balance chart and plot the balance point of a heat pump. 


Design air distribution and delivery systems. 


Fabricate and insulate air distribution systems. 


Install/service vapor compression heat pump systems. 


Troubleshoot vapor compression heat pump systems. 


Commercial Conditioned Air Systems 


Understand and apply the principles of cooling towers. 


Understand and apply the principles of pneumatic control devices; for example, thermostats, pneumatic actuators, pneumatic 
switches, pneumatic relays, etc. 
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Refrigeration 


Low 










































Medium 










































High 










































0/V 




• 








































Heating 


Hydronic 
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• 






• 
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• 
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• 


f 


Gas Fired 
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• 
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Warm Air 


Oil Fired 
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Gas Fired 
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• 
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Residential and Light Commercial 


Heating A/C 
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Heat Pump 


Ground 










































Water 










































Air 










































Hydronic 


Oil Fired 










































Gas Fired 










































Warm Air 
1 


Oil Fired 










































Gas Fired 










































Skills 


Understand and apply the principles of pumps and circulators. 


Understand and apply the principles of low and high pressure gas-fired boilers. 


Understand and apply the principles of low and high pressure oil-fired boilers 


Understand and apply the principles of steam condensers and traps. 


Understand and apply the principles of water-cooled condensers and accessories. 


Understand and apply the principles of desiccant cooling and dehumidification systems. 


Understand and apply the principles of liquid chillers and accessories. 


Understand and apply the principles and of air distribution and delivery systems. 


Understand and apply the principles of water distribution systems. 


Understand and apply the principles of commercial conditioned-air control systems. 


Install/maintain/service pneumatic control devices. 


Install/service pumps and circulators. 


Install/align shafts in fans, pumps, and open-type compressors. 


Install/service cooling towers and accessories. 


Install/service water-cooled condensers and accessories. 


Install/service liquid chillers and accessories. 


Install/service air distribution systems and accessories. 


Install/service water distribution systems and accessories. 


Install/service commercial conditioned-air control systems 


Perform scheduled monitoring/testing procedures of commercial conditioned-air systems. 
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Appendix 
Skills Matrix 



NATIONAL SKILL STANDARDS 

HEATING, AIR CONDITIONING, AND REFRIGERATION TECHNICIANS 


Commercial 


Refrigeration 


Low 
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t 
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Heating 
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Warm Air 


Oil Fired 
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• 
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Gas Fired 
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• 
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Residential and Light Commercial 


Heating A/C 




A/C 










































Heat Pump 


Ground 










































Water 










































Air 










































Hydronic 


Oil Fired 










































Gas Fired 










































Warm Air 


Oil Fired 










































Gas Fired 










































Skills 


Perform preventative inspection and maintenance procedures of commercial conditioned-air systems. 


Perform commercial conditioned-air system start-up procedures. 


Perform commercial conditioned-air system shut-down procedures. 


Troubleshoot pneumatic control devices. 


Troubleshoot pumps and circulators. 


Troubleshoot cooling towers and accessories. 


Troubleshoot water-cooled condensers and accessories. 


Troubleshoot liquid chillers and accessories. 


Troubleshoot air distribution systems and accessories. 


Troubleshoot water distribution systems and accessories. 


Troubleshoot commercial conditioned-air control systems. 


Commercial Refrigeration 


Understand and apply the principles of high, medium, low, and ultra-low temperature commercial refrigeration and their 
applications. 


Understand and apply the principles of mechanical refrigeration systems in commercial refrigeration; for example, walk-in 
coolers, walk-in freezers, reach-in cases, multiple evaporator systems, packaged refrigeration systems, etc. 


Understand and apply the principles of electric and hot gas defrost systems in commercial refrigeration systems. 


Understand and apply the principles of flake and cube ice makers. 


Understand and apply the principles of water coolers. 


Understand and apply the principles of specific refrigeration system components used In commercial refrigeration; for example, 
low ambient controls, evaporator pressure regulators, crankcase pressure regulators, etc. 


Understand and apply the principles of load calculation and piping designs in commercial refrigeration systems. 


Calculate the load, design the piping system, and design the control system of a commercial refrigeration system. 
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Appendix 
Skills Matrix 



NATIONAL SKILL STANDARDS 

HEATING, AIR CONDITIONING, AND REFRIGERATION TECHNICIANS 


Commercial 


Refrigeration 
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Hydronic 
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Residential and Light Commercial 
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Warm Air 


Oil Fired 










































Gas Fired 










































Skills 


Install/service commercial refrigeration systems. 


Install/service ice makers. 


Instalt/service water coolers. 


Troubleshoot high temperature commercial refrigeration systems. 


Troubleshoot medium temperature commercial refrigeration systems. 


T roubleshoot low temperature commercial refrigeration systems. 


Troubleshoot ultra-low temperature commercial refrigeration systems. 


Troubleshoot ice makers. 


Troubleshoot water coolers. 


Workplace Behaviors 


Work Ethics and Behavior 


Understand and adhere to the conduct rules of the company. 


Assume responsibility for decisions and actions. 


Demonstrate a willingness to learn. 


Demonstrate ability to work as a team member. 


Display initiative. 


Perform quality work. 


Exhibit pride in quality work. 


Identify established rules, regulations, and policies. 


Adhere to fair pricing standards. 
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Appendix 
Skills Matrix 



NATIONAL SKILL STANDARDS 

HEATING, AIR CONDITIONING, AND REFRIGERATION TECHNICIANS 
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Heat Pump 


Ground 










































Water 










































Heating 










































Air 










































Hydronic 


Oil Fired 










































Gas Fired 










































< 

E 

CD 


Oil Fired 










































Gas Fired 










































Skills 


Maintain work hours and schedule. 


Practice cost effectiveness. 


Practice lime management. 


Work Environment(8) 


Understand and apply environmental and occupational safety practices and regulations. 


Identify hazardous substances in the work area. 


Maintain work area. 


Respond to emergencies. 


Workplace Communications 


Communicate orally with others. 


Follow oral and written directions. 


Display listening skills. 


Interpret body language. 


Prepare written communication. 


Utilize telephone etiquette. 
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Accept responsibilities of an employee. 


Assess business Image, products and/or services. 


Assume responsibility for awareness of technological and regulatory changes. 


Converse in work-related terminology. 
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Appendix 
Skills Matrix 



NATIONAL SKILL STANDARDS 

HEATING, AIR CONDITIONING, AND REFRIGERATION TECHNICIANS 


Commercial 


Refrigeration 
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Oil Fired 
































Gas Fired 
































Skills 


Display a positive attitude. 


Follow company dress and appearance standards. 


Participate in employment orientation. 


Treat people with respect. 


Understand and apply the responsibilities of an employer/management. 


Display safe and courteous driving practices. 


Problem Solving 


Employ reasoning skills. 


Evaluate results of implemented option. 


Evaluate options. 


Identify solutions to a problem and their impact. 


Identify the problem. 


Organize workloads. 


Select and implement a solution to a problem. 


Set priorities. 
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